In a systematic review and random-effects meta-analysis, we evaluated whether obesity is associated with postoperative atrial fibrillation (POAF) in patients undergoing cardiac operations. We selected 18 observational studies until December 2011 that excluded patients with preoperative AF (n [ 36, 147) . Obese patients had a modest higher risk of POAF compared with nonobese (odds ratio, 1.12; 95% confidence interval, 1.04 to 1.21; p [ 0.002). The association between obesity and POAF did not vary substantially by type of cardiac operation, study design, or year of publication. POAF was significantly associated with a higher risk of stroke, respiratory failure, and operative death. O besity is an established independent risk factor for atrial fibrillation (AF) [1, 2] . The strongest evidence to date linking obesity to AF in adults comes from the Framingham study [1] . However, in the setting of cardiac surgical procedures, the role of obesity in postoperative AF (POAF) remains uncertain and needs to be better defined. This is important for several reasons. First, more than 30% of patients undergoing coronary artery bypass grafting (CABG) operations in the United States are obese (body mass index [BMI] 30 kg/m 2 ), and despite significant advances, POAF remains the most common complication, affecting 20% to 40% of patients after cardiac operations [3] . Second, POAF incurs significant morbidity and increased risk of perioperative and long-term death [4] [5] [6] [7] [8] . Finally, the increased length of hospital stay and frequent readmissions from POAF increase the cost burden.
Several studies have attempted to examine the association between BMI and POAF, with inconsistent results. This is partly related to differences in inclusion/exclusion criteria and study methodologies. For example, not all studies have excluded patients with preoperative AF. In addition, some studies have used BMI as a continuous variable, whereas others have used it as a categoric variable. A previous meta-analysis of 44,647 cardiac surgical patients from 11 studies concluded that obesity (defined as BMI > 30 kg/m 2 ) does not pose an increased risk of POAF [9] . Of note, this meta-analysis also included patients with preoperative AF and only one study evaluated POAF as the main end point [2] . More recently, several more studies have been published, and some have suggested a strong association between obesity and AF after cardiac operations. Here we present a systematic review and meta-analysis of the association between obesity and POAF in patients without preexisting AF undergoing cardiac operations.
Material and Methods

Selection of Studies
A literature search was conducted by 3 authors in PubMed and MEDLINE, the Web of Science, and Scopus until December 2011. The search used the MESH keywords "obesity," "atrial fibrillation," and "cardiac surgery," as well as the text keywords "cardiac surgery" and "atrial fibrillation." The PubMed search strategy is available in the Appendix. Our search was restricted to studies in adults (aged > 18 years) with information about POAF among patients regardless of whether BMI was reported categorically (eg, using a cutoff of 30 kg/m 2 ) or as a continuous distribution in patients with and without POAF, and published in any language. Only studies that excluded the presence of preoperative AF and that showed data for the subgroup without preoperative AF were eligible. Selection of abstracts was done independently by 3 reviewers (R.K., V.P., P.B.), and discrepancies were resolved by consensus.
Data Extraction
Two reviewers (V.P. and P.B.) independently extracted the following data from the studies: age, sex, BMI, type of cardiac operation; medical morbidities, including hypertension, diabetes, chronic obstructive pulmonary disease (COPD), asthma, peripheral vascular disease, coronary artery disease, and cerebrovascular disease; postoperative complications, including cerebrovascular disease, myocardial infarction, and respiratory failure; and inhospital or postoperative death. Information regarding intensive coronary care unit and hospital length of stay was also collected, whenever available. Two other authors (R.K. and A.V.H.) reviewed the extractions for inconsistencies, and the 4 authors (R.K., A.V.H., V.P., and P.B.) reached consensus.
Evaluation of Study Quality
The order of quality of studies was considered as follows, from higher to lower: (1) prospective cohort study, (2) retrospective cohort study, (3) case-control study, and (4) cross-sectional study. We also systematically assessed other key points of study quality proposed by the Metaanalysis Of Observational Studies in Epidemiology (MOOSE) collaboration [10] . These key points were:
1. clear identification of the study population, 2. clear definition of outcome and outcome assessment, 3. independent assessment of outcome parameters (ie, ascertainment of outcomes done by researchers other than those involved in the study), 4. selective loss during follow-up, and 5. important confounders or prognostic factors, or both, identified.
Each point was rated as "yes" or "no." If the description was unclear, we considered this as "no."
Statistical Analysis
Our systematic review and meta-analysis followed the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) collaboration [11] . Our primary objective was to evaluate the association between obesity and POAF. Owing to the expected clinical heterogeneity among the studies, the association between obesity and POAF was evaluated with random-effects models [12] , and associations are shown as odds ratios (OR) and 95% confidence intervals (CI). To be able to use the information from the subset of studies with continuous BMI information, we used the methodology reported by Chinn [13] to transform standardized mean differences to the equivalent OR per study. This method works regardless of BMI values, and the OR is assumed to be the same regardless of the chosen cutoff of BMI that is used to define obesity within a reasonable range. We then calculated the natural logarithm of the OR (logOR) and its standard error (SE[logOR]) per study for all studies in both sets. These were meta-analyzed using the inverse variance method incorporating also the between-study variance estimator along with the within-study variance in the calculations. Secondarily, we also evaluated, when possible, the association between obesity and secondary outcomes (stroke, respiratory failure, and operative death) and the association between the presence of POAF and secondary outcomes. Given the scarcity of these major events, we used the fixed effects Mantel-Haenszel method for the metaanalysis, because random-effects estimates are unstable in the presence of many zero counts and small event counts. The associations were reported as ORs with 95% CI.
Statistical heterogeneity was tested with the c 2 test and quantified with the I 2 metric (<25% low, 25% to 50% moderate, >50% high) and its 95% CIs [14] . We used a sequential approach to explore whether specific studies accounted primarily for the between-study heterogeneity [15] . To examine bias in the results of the meta-analysis, we used the Harbord test of asymmetry of the funnel plot [16] . The Harbord test is an unbiased test for evaluating small-study effects in funnel plot asymmetry. Funnel plot asymmetry should not be equated with publication bias, because this can have a number of other possible causes such as true heterogeneity between study results, poor methodologic quality, reporting biases, and chance [17] .
To explore potential sources of heterogeneity among studies, we performed three sets of subgroup analyses: by type of cardiac operation performed (CABG only vs CABG plus valve operation), by study design (prospective cohorts vs retrospective cohorts), and by year of study publication (below median vs above median). We also used cumulative meta-analysis to show the evolution of risks over time.
We performed sensitivity analysis by excluding studies where the association between obesity and POAF was opposite to the one from most of the other studies. For all analyses, we used R metafor software (www. metafor-project.org) and Review Manager 5.1 software (The Cochrane Collaboration, 2011, Oxford, United Kingdom).
Results
Study Characteristics
The analysis included 18 of 190 records, comprising 36,147 patients, with POAF in 12,910 (36%). Among the main reasons for exclusion were presence of preoperative AF, and unavailable BMI data by POAF group (Fig 1) . Six studies that did not provide mean BMIs and their standard deviations (SDs) in the POAF and non-POAF groups [18] [19] [20] [21] [22] [23] , and two studies evaluated the same population [19, 20] . We did not contact authors to provide missing information; these five studies included 13,688 patients, with 3,847 POAF patients (28%), which was 23% of all POAF cases, including the 18 selected studies and the five excluded studies.
One group of studies specifically addresses the question of obesity as a risk factor for POAF after cardiac operations using BMI as a categoric variable (Table 1) [2, [24] [25] [26] . The second group reports POAF as one of the outcomes after cardiac operations, with the BMI information provided as a continuous variable (Table 2) [2, 24, 25, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Mean patient age ranged from 55.7 to 72.8 years, the proportion of men was between 41% and 100%, and the mean BMI ranged from 25.6 to 29.6 kg/m 2 . Most patients underwent CABG only, patients in four studies also underwent concomitant valve operations [27, 35, [38] [39] [40] , one study reported valve operations alone [33] , and one study did not report the type of cardiac operation [32] . The most commonly reported postoperative outcomes were stroke [24-26, 29-35, 40] and operative death [2, 24-26, 28-34, 37, 40] . Respiratory failure was reported less frequently [17, 24, 33, 34, 38] .
Study Quality
Ten studies were prospective cohorts ( Table 3 ). All studies clearly identified the study population and defined the outcome. According to the study reports, none of the studies lost patients during follow-up. All studies identified some important confounders or prognostic factors of the association between obesity/BMI and POAF, but these were not consistently the same or defined in the same way across studies. No adjusted estimates of the association between obesity and POAF were available, and therefore, no comparison with the unadjusted association was possible.
Meta-Analysis
Obese patients had a modest higher risk of POAF than nonobese patients (OR, 1.12; 95% CI, 1.04 to 1.21; p ¼ 0.002; Fig 2) . Heterogeneity among studies was nominally statistically significant (c 2 ¼ 27.79, p ¼ 0.05) and of moderate magnitude (I 2 ¼ 39%; 95% CI, 0% to 94%]). The heterogeneity was driven primarily by the study of Jideus and colleagues [28] . Exclusion of this study yielded a similar OR of 1.12 (95% CI, 1.05 to 1.20) Appendix Fig 1) . The study by Jideus and colleagues had a very selected population, with several exclusion criteria, including not only preoperative AF but also several risk factors for AF (heart valve disease, diabetes, chronic renal disease, COPD, reduced ejection fraction, thyroid disorders, and use of antiarrhythmia drugs) and a small sample size (n ¼ 80). There was no strong evidence of small-study effects ( Figs 2-4 . The cumulative meta-analysis showed that a higher risk of POAF in obese patients was first observed in 2007 and has directed slightly towards the null afterwards (Appendix Fig 5) . 739 (100) 739 (100) 167 ( In secondary analyses, we found that POAF was associated with higher incidences of stroke (OR, 1.77; 95% CI, 1.36 to 2.31, p < 0.0001), respiratory failure (OR, 2.11; 95% CI, 1.29 to 3.45, p ¼ 0.003), and operative death (OR, 2.76; 95% CI, 1.77-4.32; p < 0.0001; Fig 3) . Heterogeneity was high for respiratory failure (I 2 ¼ 71%, 95% CI, 24% to 100%; p ¼ 0.008) and moderate (I 2 ¼ 46%, 95% CI, 12% to 96%; p ¼ 0.06) for operative death.
Comment
We found that obesity was associated with a nominally statistically significant, slightly higher risk of POAF, with evidence of moderate heterogeneity among studies. This association did not vary by type of cardiac operation, by study design, or by year of publication. Secondarily, POAF was associated with a substantially higher risk of the major postoperative complications of stroke, respiratory failure, and operative death.
The magnitude of the association between obesity and POAF is small. In fact, the meta-analysis excludes, with relatively high confidence, the possibility that obesity is a strong risk factor for POAF because the upper 95% CI extends only to 1.21. The true effect may even be very small or even tiny in magnitude [41] . However, even if very small, the effect cannot be dismissed, given the high prevalence of obesity in the community. The result of the meta-analysis corresponds to a Bayes factor of approximately 15 to 25 in support of a weak effect (in the range of an OR of 1.05 to 1.20) according to a previously published nomogram translating p values and effect sizes into Bayes factors [42] . Any causal inferences for this observed association have even more tenuous support than the magnitude of the association. Many previous studies investigating the preoperative predictors of POAF did not even evaluate BMI as a potential risk factor, whereas others have reported postoperative atrial arrhythmia [43] [44] [45] as a complication after cardiac operations as opposed to POAF.
BMI was first shown to be an independent risk factor for new-onset AF in the general population by Wang and colleagues [1] , and in 2005, Zacharias and colleagues [2] suggested BMI was an independent risk factor for POAF after cardiac operations. Several other studies since then have also suggested this association [24-26, 29, 46] . The effect of BMI on POAF was reported to be more prominent after adjustment for age [2] . Whether BMI or some other correlated risk factor is in the causal pathway to POAF remains unclear. Echahidi and colleagues [24] , for example, subsequently suggested that the relationship between obesity and POAF depended on age, and among patients aged younger than 50 years, POAF was associated primarily with metabolic syndrome (OR, 2.36; 95% CI, 1.10 to 5.12; p ¼ 0.02) rather than BMI.
When Wang and colleagues [1] introduced left atrium size into their model the effect of BMI on POAF disappeared. Increased left atrium stretch, diastolic dysfunction [47] , and elevated plasma volume [48] secondary to obesity have been proposed as mechanisms for vulnerability of the left atrium to the development of POAF. Inflammation, as measured by an increase in white blood cells, and patient waist circumference have also been reported to be better predictors of POAF than BMI [25] . We did not have enough information to evaluate adjusted associations between POAF and secondary outcomes. The most likely mechanism of stroke and postoperative death is the presence of cardioembolic events [34] ; however, reduced cardiac output and impaired cerebral circulation predisposes to cerebrovascular thrombosis causing non-cardioembolic stroke [49] . Impaired hemodynamics from reduced ventricular filling may explain the higher risk of respiratory failure in POAF patients [34] .
Little information is available about the effect of obesity on secondary outcomes in cardiac surgical patients. Habib and colleagues [3] , in a propensity-matched analysis of 1,032 patients undergoing CABG, showed that the permanent stroke rate was 1.2% in very obese patients (BMI > 36 kg/m 2 ), which was similar to the 0.8% rate in normal-weight patients (BMI 22 to 32 kg/m 2 ). Also, the rate of prolonged ventilation was nonsignificantly higher in very obese (9.1% vs 6.0%, respectively, p ¼ 0.07). However, very obese patients had a significant 1.44-times higher relative risk of 12-year long-term death than normal-weight patients (p ¼ 0.02); in particular, very obese patients showed a greater death hazard between 1 and 6 years [3] . Thus, given that obesity does not seem to have a role in the risk of stroke and respiratory failure, POAF itself may explain these secondary outcomes.
There was heterogeneity of effects for these secondary outcomes, especially for respiratory failure and postoperative death. The heterogeneity may be partially explained by small sample sizes of most studies, by the scarcity of secondary outcomes, mainly for postoperative mortality, and by different definitions of outcomes among studies, mainly for respiratory failure and postoperative death. For example, some studies defined respiratory failure as the presence of prolonged intubation exceeding 24 hours [27] , prolonged intubation exceeding 24 hours or reintubation [33] , and prolonged intubation exceeding 48 hours [24] . Also, death had different definitions, including in-hospital death [30, 31, 34] , 30-day death [24, 32, 36] , and death without reference to the time of follow-up [25, 28, 37, 40] .
We recognize several limitations in our analysis: First, we performed a univariable meta-analysis, because no access to individual patient data from individual studies was available.
Second, this was a meta-analysis of observational studies, and several sources of bias are present. Subgroup analyses for some potential confounders of the association between obesity and POAF were performed, and we did not find any strong subgroup effects. Modest differences may have been missed, however, and the magnitude of the overall association is quite weak to start with. We have not been able to infer from our analysis whether obesity is the primary cause of such an increased AF rate or whether obesity is only a confounder between other risk factors (eg, metabolic disorders) and POAF.
Third, none of the studies reported data for the association between obesity/BMI and secondary outcomes, and therefore, we could not analyze this.
Finally, there is variability on how BMI associations are modeled in POAF studies. BMI was used as a continuous or categoric variable in different studies. Previous studies evaluating morbidity and death among obese patients discouraged categorization of obese patients for research purposes [19, 20] . This has been shown to bias study results, and for continuous variables, the use of smoothed functions has been encouraged in individual studies.
In conclusion, the presence of obesity in patients without a known history of AF and undergoing cardiac operations seems to be associated with slightly higher risk POAF. Although their temporal relationship is not fully described in studies, POAF is significantly associated with higher risk of other postoperative complications such as stroke, respiratory failure, and postoperative death.
